An indirect immunoperoxidase (IP) procedure using the avidin-biotin-peroxidase complex detection technique was developed to detect viral equine herpesvirus-1 (EHV-1) antigen in formalin-fixed paraffinembedded tissues from aborted equine fetuses. The procedure was applied to liver, lung, and other tissues from 20 cases of confirmed or suspected EHV-1 -induced abortions. Specific staining was observed in tissue sections from EHV-1-infected fetuses. Positive IP staining was present in tissues of 7 cases that were also positive by fluorescent antibody (FA) and virus isolation (VI) and that had typical histologic lesions. There was no IP staining in 7 cases that had no histologic lesions and negative FA and VI results. Five cases had typical histologic lesions and positive results in only 1 laboratory test; 3 were positive by VI and 2 by FA. Liver of 1 case was positive by IP, but tissues were too autolytic for other tests to be evaluated.
Equine herpesvirus-1 (EHV-1) is an important cause of fetal death and abortion and respiratory and neurologic diseases. As this infectious agent spreads through a herd, it can infect pregnant mares and cross the placenta to infect the fetus, resulting in some abortions. Vaccination programs to prevent disease are in widespread use. Accurate diagnosis of EHV-1 infection in a herd is important so that control and preventive measures can be initiated.
The typical clinical course is abortion in late gestation with little or no signs of illness in the mare. Pathologic changes in the aborted fetus may include visible white foci in the liver, icterus, heavy rubbery lungs, or no gross lesions. Histologic lesions can include multifocal hepatic necrosis, bronchial and alveolar epithelial cell necrosis, and necrosis of germinal centers of lymphoid nodules. 2 Routine diagnostic methods to confirm EHV-1 infection are virus isolation (VI) or direct fluorescent antibody (FA) test to detect viral antigens in fresh fetal tissues. 4 Sometimes these techniques fail to confirm the presence of EHV-1, even in cases where the clinical history, pathologic lesions, and maternal serum antibody titer to EHV-1 are highly suggestive of infection.
Immunohistochemical methods to detect antigens in formalin-fixed tissues have been useful in diagnostic laboratory settings. These methods allow visualization of the sites of antigen distribution and correlation with histologic changes. Use of formalin-fixed tissue sim-plifies sample submission and provides an opportunity for conducting retrospective studies on archival specimens.' This paper describes the use of an immunoperoxidase (IP) test for detection of EHV-1 antigen in formalin-fixed paraffin-embedded fetal tissues and compares the results to those of FA test, VI, and histologic findings.
Materials and methods
Case selection. Twenty cases of equine abortion that had been submitted to the Colorado State Veterinary Diagnostic Laboratory over a 3-yr period were examined histologically and by IP, VI, and FA test for EHV-1. Cases 1-16 were from 1 herd, and cases 17 and 18 were from another herd that had numerous abortions in the year they were submitted. All cases were either previously confirmed cases of EHV-1 infection or suspected EHV-1 infection based upon history, histologic lesions, or increased maternal serum antibody titer to EHV-1. In all cases, fetal liver was examined by the IP method. Additional tissues examined include 17 lungs, 13 thymus glands, 12 kidneys, 10 spleens, 6 brains, 5 placentas, 5 hearts, 3 intestines, and 1 adrenal gland. In all 20 cases, FA test and VI had been performed on lung and liver at the time of submission. Placenta had been examined by FA test in 9 cases and also by VI in 5 of these 9; kidney of 1 case was examined by FA test and VI.
Immunoperoxidaseprocedure. The primary antibody was pooled horse serum from a well-vaccinated herd with an EHV-1 virus-neutralizing titer of 1:256. A goat anti-horse biotinylated IgG antibody a was used for a secondary reagent. Slides were prepared from formalin-fixed paraffin-embedded tissue sectioned at 6 µm. Tissue sections were deparaffinized and rehydrated by immersion in xylene, graded alcohols, and distilled deionized water. Sections were treated with 1% aqueous hydrogen peroxide for 30 min at room temperature to inactive endogenous peroxidases and then washed with distilled water for 10 min. Tissues were incubated for 5 min at 37 C in a humidified chamber with protease b at a concentration of 2 mg/ml in Tris-saline (T/S) buffer, pH 7.4, then washed 3 times for 5 min with T/S. Slides were then incubated 20 min at 37 C with normal goat serum a diluted 1:50 in T/S. After 20 min, the excess was shaken off. Slides were incubated overnight at 4 C with a mixture of primary horse anti-EHV-1 antibody diluted 1:200 and normal goat serum diluted 1:100 in T/S. Slides were washed twice for 5 min with wash buffer (T/S with 1 mM ethylenediaminetetraacetic acid and 0.05% Tween 20). Slides were incubated 1 hr at 37 C with biotinylated goat anti-horse antibody diluted 1:200 and normal goat serum diluted 1:100 in wash buffer then washed twice for 2-3 min with wash buffer. The avidinbiotin-peroxidase complex a reagent, prepared 1 hr in advance, was added to the slides for 1 hr at 37 C, washed twice for 5 min with wash buffer, and rinsed in T/S. The chromogen was equal volumes of 0.02% H 2 O 2 and 1 mg/ml 3,3'-diaminobenzidine tetrahydrochloride c in T/S. The chromogen was added to the slides for 5 min at room temperature. Slides were rinsed with wash buffer and counterstained with Harris hematoxylin d diluted 1:5 in wash buffer for 30 set, rinsed with water, dehydrated, and coverslipped. Antibody to bovine herpesvirus-1 (BHV-1) was used as a negative control. 3 Fluorescent antibody test. Frozen tissue sections 5-8 µm thick were fixed in acetone and dried, and a fluoresceinlabeled polyclonal anti-EHV-1 antibody conjugate e was added. Slides were incubated for 30 min at 37 C in a humidified chamber. Sections were rinsed in phosphate-buffered saline, rinsed in distilled water, mounted, and examined with an epifluorescent microscope.
Virus isolation. Lung and liver samples from each case plus placenta from 5 cases and kidney from 1 case were combined and homogenized in minimal essential medium (MEM) with antibiotics. The homogenized sample was centrifuged at 3,000 x g for 15 min at 4 C. The supernatant fluid was filtered (0.2 µm) onto monolayers of equine dermis cells and allowed to absorb for 1 hr at 37 C. Cells were washed, fresh MEM with 3% fetal calf serum and antibiotics was added, and the cells were incubated at 37 C and checked daily for up to 2 wk for cytopathic effect.
Results
A positive staining reaction indicating binding of antibody to sites of EHV-1 antigen produced a deep brown color, which contrasted sharply with the blue counterstain of the tissues. Nonspecific brown staining was minimal. There was no positive IP staining in any tissue when antibody to BHV-1 was used.
Positive staining in the liver occurred in multiple randomly located foci. In most positive foci, the hepatocytes were degenerate or necrotic with indistinct cell borders and nuclear pyknosis or karyorrhexis ( Fig.  1) . Cell morphology was obscured in autolytic livers, but positive IP staining was distinct from the background counterstain. Positive staining in lungs usually occurred in bronchial epithelial cells (Fig. 2) , occasionally in alveolar walls. Positive staining could be identified in autolytic lung tissue, but cell degeneration or necrosis could not be discerned. Positive staining in kidney occurred in tubular epithelial cells. In some sections of kidney, there were small brown foci in medulla that were not definitely cell associated and could not be interpreted as specific staining for EHV-1 antigen. Positive staining was found in the centers of lymphoid nodules in the spleen and in scattered areas of the cortex of the thymus. There was no clear distinction between cytoplasmic and nuclear staining.
Seven cases (35%) had positive IP staining, VI, FA staining, and histologic lesions of EHV-1 infection. Six cases (30%) were negative in all tests. One case (no. 20) was considered negative despite positive staining in the thymus because all other tests were negative. Of the other 6 cases, 3 had positive VI and typical histologic lesions and 2 had positive lung, liver, or placenta FAs and histologic lesions. In case 17 (Table l) , the IP was positive in liver and negative in lung, but the other tests could not be evaluated because of autolysis of the samples. Table 1 . Results of immunoperoxidase (IP), fluorescent antibody (FA), virus isolation (VI), and histologic evaluation of fetal lung and liver for EHV-1.
Of the 8 cases that had positive IP staining in liver, lung was positive in 4, negative in 1, and not available in 3. Positive staining was also found in the other tissues, including kidney, thymus, and spleen (Table  1) .
Discussion
This immunoperoxidase test is a sensitive, specific test for EHV-1. Results are consistent with all other diagnostic techniques in 65% of the cases. If a case is considered positive for EHV-1 infection by positive results in either the FA test or VI, rather than requiring positive results in both tests, then the results were consistent in 80% of the cases. These results are somewhat comparable to those reported elsewhere that used slightly different methods and did not find negative IP results in virus-positive cases. 5 Immunoperoxidase techniques have not always given 100% correlation with FA and VI results, nor do FA and VI results always agree.
The IP test appears to be at least as sensitive as and possibly more sensitive than FA because the IP test is more effective than the FA test when using autolytic tissues. In 1 case in this study, EHV-1 was identified by IP when other tests could not be employed because of autolysis. Fluorescent antibody testing can be performed quickly, but interpretation of results can be difficult and requires trained personnel. Positive IP staining is more distinct and easier to identify than fluorescence.
Virus isolation was most sensitive for detecting EHV-1; virus was isolated in 3 cases in which IP and FA results were negative but histologic lesions were pres-ent. These results contrast with the low sensitivity of VI in other abortion diseases. 3 Despite the sensitivity of VI, the technique has drawbacks of expense, the need for highly trained personnel to perform the test, and the requirement of days to weeks to complete the test.
Histologic lesions were present in all cases where EHV-1 was identified by either FA, VI, or IP methods. Although the lesions are considered characteristic of EHV-1, they cannot be considered pathognomonic, so diagnosis should be supported by a specific laboratory test.
Although the liver was IP positive in all the positive cases in this study, the study consisted of only 20 cases, so there may be infected fetuses where liver gives a negative result. Lung and other tissues should be tested to confirm positive results in liver or perhaps to detect antigen when liver is negative.
Because this IP test uses formalin-fixed tissues, it can be used when no fresh tissue is submitted to the laboratory or for retrospective studies on archival tissue. Formalin fixation is a common procedure, so submission of samples for this EHV-1 IP test would be convenient for veterinary practitioners. Use of this technique could be adopted in a laboratory setting to supplement or replace other techniques, depending upon the equipment and personnel resources of the laboratory.
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